The physician's hands are close to the X-ray field in C-arm fluoroscopy-guided pain interventions. We prospectively investigated the radiation attenuation of Proguard RR-2 gloves.
INTRODUCTION
There are several radiation protective utilities, including caps, eyewear, thyroid shields, aprons, gloves, lead barriers, and table-side lead drapes. In previous studies, radiation-protective aprons and thyroid shields have been found to be the most widely used utilities for radiation safety [1, 2] . However, the physician's hand is very close to the direct X-ray field in C-arm fluoroscopy-guided pain interventions. In some cases such as cervical nucleoplasty or cervical discography, the hand or fingers can be located on the direct X-ray field. Therefore, radiation protection of the hand is necessary [3] . According to the instructions on the package of Proguard RR-2 gloves (Emerson & Co, Genoa, Italy), the attenuation properties of the gloves are 31-55% (the attenuation properties are changed by peak kilovoltages [kVp] ; for example, there is 55% attenuation at 60 kVp and 31% attenuation at 120 kVp) in primary X-ray beams. However, pain physicians do not use the gloves only in primary X-ray beams. Therefore the attenuation rate does not exactly describe the radiation-protective efficiency for pain physicians. In C-arm fluoroscopy-guided pain interventions, there have been no previous studies of the radiation-protective efficiency of radiation-reducing gloves. The pain physician can be exposed to radiation of primary X-ray beams by having his hand in the X-ray field or may be exposed to scatter radiation from the patient even by not having his hand in the X-ray field [3, 4] . The most significant source of radiation exposure for the pain physician is scatter radiation [1, 4, 5] . We prospectively investigated the scatter radiation attenuation of Proguard RR-2 gloves.
MATERIALS AND METHODS
We performed a prospective study regarding the radiation-protective efficiency of radiation-reducing gloves in C-arm fluoroscopy-guided pain interventions from March to June of 2013. Two dosimeters (PDM-127, Hitachi Aloka Medical, Ltd., Tokyo, Japan, and PDM-227, Hitachi Aloka Medical, Ltd.) were used to estimate the effective dose (ED). C-arm fluoroscopy-guided pain interventions included medial branch block, facet joint injection, transforaminal epidural steroid injection, root block, interlaminar epidural steroid injection, caudal epidural steroid injection, sympathetic ganglion block, and radiofrequency treatment, among others.
First, we compared the radiation-protective efficiency of the two dosimeters. The two dosimeters, without wrapping of a radiation-reducing glove, were placed beside the table (Fig. 1) . The dosimeters were maintained the same distance from the center of the X-ray field. In 100 cases of C-arm fluoroscopy-guided procedure, the EDs of the two dosimeters were collected.
To investigate the radiation-protective efficiency of the gloves, new radiation-reducing gloves were used in this study. The wrist area of a new glove was cut into a 9 by 6 cm rectangle. The cut piece was wrapped around one of the dosimeters to investigate the radiation-protective efficiency of the glove. Only one layer of the piece totally covered the radiation sensor of the dosimeter. The EDs from the two dosimeters were measured at the side of the table (Group 1) and at a location 20 cm away from the side of the table (Group 2) ( Fig. 1, 2 ). The distance from the center of the X-ray field to the dosimeter was 28 cm in Group 1 and 48 cm in Group 2. To maintain the same distance from the center of the X-ray field to the dosimeter, the dosimeters were moved in the cephalic or caudal direction with C-arm fluoroscopy. In Group 1, the PDM-127 dosimeter was wrapped with a radiation-reducing glove in 70 procedures and the PDM-227 dosimeter was wrapped with a glove in an additional 70 procedures. In Group 2, the PDM-127 dosimeter was wrapped with a glove in 60 procedures and the PDM-227 dosimeter was wrapped with a glove in an additional 60 procedures. EDs from the dosimeters, exposure times, and the radiation absorbed doses (RADs) from the C-arm fluoroscope (OEC 9800 Plus, GE Healthcare, Salt Lake City, UT, USA), as well as the ratio of the ED from the dosimeter wrapped with a glove to the ED from the dosimeter without a glove were collected in each procedure. Data regarding patients' age, height, weight, and sex were collected by review of medical records. According to the instructions, the accuracy of the PDM-127 and PDM-227 dosimeters is within ± 10% from 10 μSv to 1 Sv. Therefore, the maximum discrepancy of two dosimeters can be 20%. In our 30 cases of pilot study, the ratio of the EDs was 73.1% in Group 1 and 74.4% in Group 2. We suggested that the ratio of the EDs was the same between Group 1 and Group 2 and the difference of the ratio of EDs from the dosimeters between the two groups was within 20%. To obtain 90% power for analysis, 83 cases were required in each group.
The mean differences in data such as age, height, weight, RAD, exposure time, ED, and ratio of EDs were analyzed using the Student's t-test. The male/female ratio was analyzed by the chi-square test. To investigate the RAD-adjusted comparison, the ED and the ratio of EDs were evaluated by analysis of covariance (ANCOVA). Statistical significance was defined as P ＜ 0.05.
RESULTS
Data were collected from 360 cases of C-arm fluoroscopy-guided pain interventions. In 100 cases related to the EDs of two dosimeters without radiation-reducing gloves, there were no significant differences between the ED of PDM-127 (39.0 ± 36.3 μSv) and the ED of PDM-227 (38.8 ± 36.4 μSv) (P = 0.578). The patients' data in the 100 cases is indicated in Table 1 .
No significant differences were noted in the patients' demographic data (age [64 ± 12.5 vs. 63.7 ± 13. Table 2 ). The RAD (192.0 ± 182.0 radcm 2 ) in Group 2 was higher than that (132.3 ± 103.5 radcm 2 ) in Group 1 (P = 0.002). The ED (33.3 ± 30.9 μSv) of the dosimeter without a glove in Group 1 was higher than that (12.3 ± 8.8 μSv) in Group 2 (P ＜ 0.001). The ED (24.4 ± 22.4 μSv) of the dosimeter wrapped with a glove in Group 1 was higher than that (9.2 ± 6.8 μSv) in Group 2 (P ＜ 0.001). The RAD-adjusted mean ED without a glove was 35.6 μSv (95% confidence interval [CI]: 32.3-39.0 μSv) in Group 1 and 9.5 μSv (95% CI: 5.9-13.2 μSv) in Group 2 (P ＜ 0.001) ( Table 3 ). The RAD-adjusted 
DISCUSSION
In this study, the mean ratio of the EDs was 73.5% in Group 1 and 74.2% in Group 2 ( Table 2 ). This finding shows that Proguard RR-2 gloves decreased the scatter radiation by 26.5% in Group 1 and 25.8% in Group 2. In this study design, we wanted to know whether the different intensities of scatter radiation affect the radiation attenuation of the gloves or not. The distance from the center of the X-ray field to the dosimeter in Group 2 was 20 cm longer than that in Group 1. In our results, the mean ED from the dosimeter without a glove in Group 2 was 36.9% of that in Group 1. In spite of the decreased scatter radiation in Group 2, the radiation attenuation powers (ratio of EDs) of the gloves in Group 1 and Group 2 were not different. The RAD in Group 2 was higher than that in Group 1 (Table 2 ). These results suggested that the ratio of radiation attenuation by the Proguard RR-2 gloves is not significantly different by the different intensity of scatter radiation or the different RAD of C-arm fluoroscopy.
If the RADs were the same in the groups, the difference of the EDs between Group 1 and Group 2 might be higher. To remove the effect of different RADs in the groups, ANCOVA was used. The RAD-adjusted ED from the dosimeter without a glove in Group 2 was 26.7% of that in Group 1 (Table 3) . This shows that a lengthened distance of only 20 cm from the side of the table can reduce the scatter radiation by 73.3%. In this study, a 20 cm longer distance (26.7% of radiation exposure at the side of the table) was a more effective method of radiation protection than the use of radiation-reducing gloves (73.8% of radiation exposure at the side of the table). The radiation is inversely proportional to the square of the distance from the radiation source [6] . Therefore, the method of pulling back the physician's hands can be a very effective and economic method of radiation safety. However, the method of pulling back the hands is not possible in some cases. In cases such as holding a needle during a procedure, the physician's hand is located in the primary X-ray field or near [7] study (dotted arrow: scatter radiation). A: attenuated scatter radiation through one layer of radiation-reducing gloves. B: attenuated scatter radiation through one layer of radiationreducing glove and physician's finger. A': direct scatter radiation. B': attenuated scatter radiation through two layers of radiation-reducing glove and physician's finger. the X-ray field. In these cases, radiation-reducing gloves are a good choice for radiation safety for the physician's hands. Although radiation-reducing gloves are relatively expensive, the decrease of radiation exposure by the use of the gloves can be valuable for the physician's health. The use of radiation-reducing gloves and the location of the hand at 20 cm away from the side of the table can be more effective and can decrease the radiation exposure of the pain physician's hand by 20.2% (Table 3) . Interestingly, the RAD-adjusted ratios of EDs from the dosimeters in Group 1 and Group 2 were almost the same, at 73.8% (Table 3) . This means that if the RADs of the two groups were the same, the ratios of the EDs of the two groups−their distances from the radiation center to the dosimeter were different−were also the same.
In this study, the Proguard RR-2 gloves provide a radiation attenuation of 25.8-26.5% against scatter radiation. This figure is much lower than the data from an in vitro study, according to the instructions on the package of the Proguard RR-2 gloves (55% attenuation at 60 kVp and 31% attenuation at 120 kVp), and also differs from the radiation attenuation of 60-64% against scatter radiation in a previous study [7] . In this study, according to Calder et al. [7] , the surgeon was holding the patients' forearms and hands in his hands and the hands were placed at the side of the image intensifier. It is thought that the radiation attenuation of 60-64% is not the exact radiation-protective efficiency of the gloves. Radiation-protective aprons which are 0.25-0.35 mmPb equivalent thickness provide a radiation attenuation effect up to 90-95% [8] . However, Proguard RR-2 gloves probably could not provide 60% of radiation attenuation, because their Pb equivalent thickness is only 0.022 mm (the gloves are only 6.3-8.8% of the Pb equivalent thickness of the apron). In Calder's study, there could be scatter radiation from several directions. Fig. 3 provides a schematic diagram of Calder's study. In Fig. 3 , the authors suggested that the outer dosimeter sensed direct scatter radiation (they thought there was no attenuation) and the inner dosimeter sensed attenuated scatter radiation by one layer of Proguard RR-2 gloves. If there was only one direction of scatter radiation, such as A and A', their suggestion was true. However, we thought there were at least two directions of scatter radiation, such as A and B. Scatter radiation is made by ricocheting radiation from the patient's body, the table, and/or other obstacles to the primary X-ray beam [1, 4, 5] . Therefore, some scatter radiation might reach from the patient's forearm or hand, such as B and B'. B reached the inner dosimeter through one layer of radiation-reducing glove and the physician's finger. B' reached the outer dosimeter through two layers of radiation-reducing glove and the physician's finger. Therefore, the authors' suggestion was not true. The outer dosimeter sensed not only primary scatter radiation but also attenuated scatter radiation by two layers of gloves. The inner dosimeter also sensed not only attenuated scatter radiation through one layer of glove but also attenuated radiation through one layer of glove and the physician's finger. Therefore, the ED from the outer dosimeter could be lower than the true primary scatter radiation, and the radiation attenuation of 60-64% is higher than our results. In our study, the sensors of the dosimeters were facing the patient's body (Fig. 1) and there was no adjacent obstacle behind the dosimeters. Therefore, it was almost impossible that there was scatter radiation which was coming behind.
Arnstein et al. [9] showed that the dose to the surgeon's hands in the primary beam was 100 times that which was measured at 15 cm from the source. In the typical position of the operator, the dose to the hands, without the ceiling-suspended shields, ranged from 0.2 to 7.3 μSv frame -1 depending on the beam projection [10] . The dose is not so high, but a large number of pain physicians use several frames of C-arm fluoroscopy in each pain intervention, and many procedures are performed each day [1, 3, 11, 12] . According to the dose intensity, the accumulation of radiation exposure may be high dose for several years. The International Commission on Radiological Protection (ICRP) recommended annual permissible dose for hands and feet related to occupational exposure is 500 mSv [13] . However, the National Council on Radiation Protection and Measurement (NCRP) recommended occupational dose limit of the whole body is 10 mSv per year for a lifetime [13] . Most importantly, nobody knows the exact threshold of radiation exposure which is related to cancer or genetic defects in humans [14, 15] . Therefore, pain physicians who perform C-arm fluoroscopy-guided pain interventions need to try to reduce their radiation exposure. Miller et al. indicated that the head, neck, and hands were at greatest risk to radiation [16] . Although there exists the possibility of high radiation exposure of the hands [3] , the rate of glove use among pain physicians was low in a Korean study [1] . Lead and lead-equivalent gloves have been suggested to attenuate direct-beam and scatter radiation effectively [7, 17] . Many studies have emphasized the importance of more systemic monitoring of the doses to the most vulnerable body parts of radiation for the practitioner involved in such procedures [18] [19] [20] [21] . Even though the estimated annual doses are found to be well below the limits, additional measures such as careful beam collimation and the use of automatic contrast media injector could reduce the doses significantly [10] . Arnstein et al. [9] recommended coning down of the image, avoidance of the primary beam, and the use of a remote-positioning device. For effective radiation protection, practitioners should use radiation protection devices such as aprons, thyroid shields, radiation protective glasses, and radiation-reducing gloves routinely [6, 22] , and also employ primary protection strategies. The protection strategies are to minimize fluoroscopy time, to minimize the number of fluoroscopic images, to use low dose or pulsed mode, to use collimation, to use good-imaging chain geometry, to position oneself a long distance from radiation sources, to use protective shielding, to wear one's own dosimeter, and to know one's own dose [3, 6, 11, 22, 23] .
There are some limitations in this study. First, the dosimeters could have detectable errors. The accuracy of the two dosimeters was known as within ± 10%. The accuracy could be biased in this study. However, the EDs of the two dosimeters without gloves showed no significant differences. Therefore, any bias might be small. Second, we compared the EDs of two groups measured at the side of the table and at a location 20 cm away from the side of the table. The results showed that the distance was not correlated with the radiation attenuation effect of the gloves. However, we compared the ratio of EDs in only two positions. If data could be collected in more than two positions, the results could be more trusted. In two groups, the RADs were different. The different RADs might influence the results. However, the RAD-adjusted comparison by ANCOVA was analyzed in this study. The results were not significantly different from the results of the Student's t-test.
In conclusion, Proguard RR-2 gloves possess 25.8-26.5% of radiation attenuation effect. The radiation attenuation by the Proguard RR-2 gloves is not significantly different by the intensity of scatter radiation or the different RADs of C-arm fluoroscopy. A 20 cm longer distance from the side of the table can be a more effective method of radiation protection than the use of radiation-reducing gloves; thus, the method of pulling back the physician's hands can be a very effective and economic method of radiation safety. The combination use of radiation-reducing gloves and positioning the hands at 20 cm away from the table can decrease radiation exposure much more effectively.
